Introduction -The objective of this study was to describe facial myokymia in experimental animals accompanying kainic acid affects on facial motor neurons. Material & methods -Anesthetized cats were injected with kainic acid into the pons adjacent to the facial nucleus. Facial movements appeared shortly after the injections and facial electromyographic potentials were recorded. Cats were killed up to 4 weeks later, the brainstems were processed histologically, and the number of neurons in the facial nucleus counted. Results -Cats receiving injection of kainic acid adjacent to facial nucleus all developed spontaneous writhing movements of the face ipsilateral to the injection site, clinically resembling facial myokymia in humans. Transient facial paresis, lasting several weeks, appeared in some of the cats. Facial myokymia occurred independent of histological evidence of neuronal loss in facial nucleus, whereas facial paresis occurred in all but one of the animals with significant neuronal loss in the facial nucleus. Placing a needle into the superior olive without injecting kainic acid or injections of kainic acid into cochlear nucleus was not accompanied by facial myokymia or subsequent facial paresis. Conclusion -Facial movements in cats similar to myokymia in humans accompanies kainic acid injections adjacent to the nucleus of the I facial nerve.
Facial myokymia refers to involuntary, wavelike, undulating, vermicular movements, of the face usually restricted to a portion of one side of the face (1-3). The EMG shows continuous irregular discharges of individual facial motor units. Facial myokymia can occur in patients with brainstem disorders such as multiple sclerosis, pontine glioma, and syringobulbia or with proximal facial nerve lesions both within and adjacent to brainstem (1) (2) (3) (4) (5) (6) . The condition can also be benign appearing in otherwise normal individuals during fatigue or after excessive alcohol ingestion (4) . Electromyography (EMG) of the facial muscles during facial myokymia reveals continuous irregular discharges of normal motor units. Occasionally motor units discharge in short bursts followed by a brief period of quiescence. The EMG of facial myokymia is easily distinguished from other 'spontaneous' facial motor activities accompanying hemifacial spasm, motor tics, palatal myoclonus, and focal cortical seizures (2) (3) (4) .
The pathophysiology underlying facial myokymia is unknown but has been athibuted to a disorder of the motor neurons in facial nucleus induced by lesions either within or adjacent to that structure, by lesions remote from facial nucleus but affecting inputs to the facial nucleus, or by lesions of the facial nerve within (3) or close to the brainstem (5).
In the course of studies of the generation of auditory brainstem potentials in cats, we observed facial myokymia to appear following the injection of kainic acid, an excitatory amino acid, into the superior olive, which lies adjacent to the facial nucleus (6, 7) . Kainic acid, an excitatory neurotoxic amino acid binding to glutamate receptors, elicits a sustained depolarization of neurons that can be followed by neuronal death. Kainic acid selectively affects neurons and spares axons of passage and nerve terminals of extrinsic origin (8) (9) (10) (11) . In our studies, the injection of kainic acid into the pons was followed, within thirty minutes, by continuous undulating movements of the face and whiskers ipsilateral to the injection. The movements clinically resembled those of facial myokymia in humans.
Methods

Animals
Thirteen adult cats (2700-3400 g) were injected with kainic acid, 8 into the superior olivary complex (SOC) and 5 into cochlear nucleus (CN) to define changes in auditory brainstem evoked potentials (6 19 for methods). Two of these cats received bilateral injections into the SOC; three other cats had a needle inserted into the SOC without injection of kainic acid to serve as 'controls'.
Operation
The cats were operated twice using sodium pentobarbital (35 mg/kg) as the anesthetic agent. Body temperature were maintained with a heating blanket and electrocardiogram (ECG) was monitored. In the first operation the animal was prepared for electrophysiological study with four small recording screws implanted into the skull for recording auditory evoked potentials. The animal was given penicillin (300,000 units) preoperatively. The second operation occurred after an interval of at least 3 weeks. The cat was anesthetized, place in stereotaxic frame, the posterior portion of the skull exposed, a small craniectomy made and the dura mater opened for the stereotaxic insertion of a glass insulated needle attached to a 1 0 k L Hamilton syringe which served both as a recording probe and a vehicle to transmit a 1% solution of kainic acid into the brainstem.
The electrode was lowered through the cerebellum to the region of the SOC in 11 cats, and into the CN in 5 cats. Kainic acid was injected in 0.1-0.2 pL aliquot over 0.5 h to attain a total volume of 0.5 kL. The first few cats studied developed a marked bradycardia with junctional rhythm as an escape mechanism after sinus arrest. Subsequently, intermittent atrial activity appeared, albeit sporadically, and after 20 min heart rhythms returned to normal. The arrhythmia could be prevented by prior treatment with atropine (0.04 mg/kg). No cardiac arrhythmia developed after injection into the cochlear nucleus or by placing a needle in the brainstem in the control cats.
Kainic acid preparation
Kainic acid (2-carboxyl-3-carboxymethyl-4-isopropenylpyrrolidine, ICN C.N 195264) was mixed with 0.9% sodium chloride in water to form a 1% solution. The solution was brought to PH=6 with sodium hydroxide. A fresh solution of kainic acid was made prior to each injection.
Electromyography (EMG)
Monopolar needle electrodes (Grass needle electrodes type E2-monopolar) were inserted into the orbicularis oris and orbicularis oculi bilaterally. The electromyographic signals were amplified 50,000 times at a bandpass of 3-3000 Hz and recorded for several hours after injection.
Histology
Up to 40 days after the Kainic acid injection, the animals were deeply anesthetized with sodium pentobarbital (100 mg/kg) and perfused through the heart with normal saline followed by 10% buffered formalin. The brain was removed and stored in 10% buffered formalin for 15 days. Frozen section of the brainstem, 30 pm in thickness, were cut and serially stained with crystal violet for cell bodies alternating with Kluver-Barrera stain or chromoxane cyanine R with crystal violet for myelin. The number of neurons in the facial nucleus and their morphology was defined under high magnification (x400) bilaterally. Neuronal loss in the facial nucleus ipsilateral to the side of injection was expressed as a percentage of the number of neurons in the facial nucleus on the opposite side. When the injections were bilateral, neuronal loss was expressed as a percentage of the number of neurons in control cats.
Results
Myokymia
Within 30 min of the injection of kainic acid into the superior olivary complex, flickering movements of the face and whiskers developed; ipsilateral to the injection site in the 6 cats with uni-lateral injection into SOC and bilaterally in the cats with bilateral injections into SOC (Fig. 1) . The myokymia persisted for up to 3 hours. The EMG demonstrated continuous activity of the orbicularis oris and oculi involving many motor units. No spontaneous facial movements (myokymia) were detected in the three control cats (with only a needle placed into SOC) and in the six cats injected into the cochlear nucleus. Four of the eight animals with myokymia subsequently developed facial paresis affecting both perioral and periocular muscles: their eyelids did not close and the extent of facial movements on the affected side(s) was greatly reduced. The facial paresis recovered within two weeks except in one cat (#14).
Histology
In the animals with kainic acid injection into the superior olivary complex, the extent of neuronal loss in the facial nucleus varied from 0-40% (Table  1) . Myokymia appeared in all of these animals and was independent of the presence or absence of neuronal loss. In contrast, the appearance of facial paresis occurred only in those animals with neuronal loss greater than 10% (Table 1) . In all cats the extent of neuronal loss was substantially greater in 20 the superior olivary complex, the site of injection, than in the adjacent seventh cranial nerve nucleus (7) .
Discussion
In the course of studying the effects of kainic acidinduced neuronal damage of auditory brainstem nuclei on auditory brainstem potentials (6), facial movements best classified as myokymia appeared in those animals in whom the site of injection was in the superior olivary complex, a structure lying just adjacent to the nucleus of the seventh cranial nerve. The facial movements were small, continuous, and had a writhing character, features that are all seen in facial myokymia in humans (2, 3 ) . The EMG of the affected facial muscles in these cats showed continuous asynchronous discharges which differed from the EMG patterns described accompanying facial myokymia in humans. In such patients the EMG consists of 1) frequent burst activity at 2-10 timesh with each burst containing high frequency (30-100 c/s) discharges; and 2) slow grouping of activity occurring at relatively long intervals (0.2-2/s) with discharges in each burst containing discharges at 30-300/s (12) . In these cats with myokymia-like facial movements, the discharge pattern was different from the human patterns which may have reflected the relatively short duration of EMG sampled (500 ms) as well as the brief interval between the injury to the facial nucleus and the EMG recording.
Kainic acid alters neuronal function through its action on glutamate receptors (14, 16) , one of which has been designated a kainate receptor because of its selective activation by kainic acid. The activation of the kainate receptors results in the opening of ion channels for Na, K, and Ca (13, 16) leading to the neuron's depolarization (9, 10). The depolarization is sustained and may be accompanied by cell death depending on the density of kainate receptors on the neuron and the concentration and amount of kainic acid injected (15) . In the present experiments, the facial myokymia accompanying kainic acid injection was transitory, lasting up to 3 h, most likely reflecting a transient depolarization of neurons of the seventh nerve nucleus by diffusion of the kainic acid injected from the adjacent superior olivary complex.
The superior olivary complex in cats is only 1.5 mm cephalad to the facial nucleus, allowing easy diffusion of the kainic acid to the neurons of the facial nucleus. Certainly when the kainic acid was injected farther and more lateral to the facial nucleus (e.g., the cochlear nucleus) no facial myokymia was seen. In two of the cats injected bilaterally into the superior olivary complexes, the amount of kainic acid which diffused to the facial nucleus was sufficient to cause cell loss in the facial nucleus and transient total facial paralysis. Further experiments testing whether inhibitors of kainic acid would alter the appearance of myokymia can not be done in our current laboratories. The resemblance of these movements to facial myokymia in 21 humans raises the possibility that a disorder of glutamate receptors of facial motor neurons may contribute to the expression of some cases of human myokymia. Kainic acid-induced transient neuronal changes at brainstem sites regulating cardiac rhythms may also account for the transient cardiac arrhythmia that followed injections of kainic acid into the pons. These effects could be blocked by a single dose of atropine.
Excitatory amino acid, such as glutamate and aspartate, are major neurotransmitters in the mammalian central nervous system. While these amino acids are responsible for normal excitatory transmission, and are involved in neuronal survival, synapse formation, neuronal plasticity and learning and memory processes (13), they also represent a possible mechanism for neuronal dysfunction and neurotoxicity (1 1, 13) . Normally, the concentration of glutamate around its receptors is regulated by several mechanisms (13, 14) . Abnormally low level of glutamate can compromise excitation, whereas excessive level can produce toxic effects (15) . Excitotoxicity refers to a paradoxical phenomenon whereby the neuroexcitatory action of glutamate and related compounds (e.g., kainic acid), becomes transformed into a neuropathological process that can lead to neuronal death (14) .
Pathological examination of the brainstem of patients with myokymia have demonstrated lesions of the pontine tegmentum and basis pontis (3, 18, 20) or demyelinating lesions of both the intra-axial (1 9) and extra-axial facial nerve (5) . Demyelination can be associated with an increase in the affected fibers' excitability leading to both spontaneous and induced discharges as demonstrated both experimentally (17) and in common clinical experience (e.g.> tic doloreux). Lesions of the brainstem that spare the facial nucleus and facial nerve can be associated with myokymia, presumably due to the lesions' effects on descending inputs to the facial nucleus. The results of the present study are that facial myokymia can also accompany altered facial neuronal excitability induced by kainic acid activation of glutamate receptors. Facial myokymia is an expression of several different processes altering the functioning of facial motor neurons and their axons. These include (1) disconnection of facial motor neurons from other brain regions by brainstem lesions; (2) alterations of the excitability of facial nerves accompanying demyelinating lesions of proximal facial motor nerves; and ( 3 ) alterations of facial motor neuron receptors.
